The concentrating and diluting mechanisms of the normal kidney contribute in an impressive manner to the defense of water economy. In health, a given amount of solute may be excreted in a widely varying volume of water which is determined under most circumstances by the water needs of the organism. This ability to regulate the osmolality of the urine accounts for a range of urine concentrations which extends from marked hypotonicity to marked hypertonicity.1 In the course of advancing renal disease, the total amount of solute excretion per 24 hours may remain comparable to values achieved in health. It is a clinical observation of long standing, however, that the patient's ability to vary the volume of water in which this solute is contained becomes progressively limited. Hence, the range over which urine tonicity may be extended becomes more and more restricted. Typically, this restriction is manifested initially by a decrease in the maximum attainable urine osmolality, followed somewhat later by a progressive inability to decrease the tonicity of the urine. Ultimately, urine tonicity deviates little in either direction from the concurrent plasma osmolality, and the stage of so-called "permanent isosthenuria" or "fixed specific gravity" supervenes.
concentrating and diluting operations are destroyed by the underlying pathologic processes,. no experimental confirmation of this thesis has. yet appeared. On the contrary, certain theoretic considerations render this explanation open to serious question. Thus, within the context of the conventional theory, the loss of concentrating ability before that of diluting ability must be related to pathologic involvement of the site (or sites) of concentration in the tubule prior to thesite of dilution. Moreover, this sequence of events. must be identical in all chronic renal diseases associated with the classic pattern of functional alterations, irrespective of the etiology or pathologic characteristics of the specific disease entity. The supposition that such an orderly and predictable progression of anatomic alterations may occur in a heterogeneous group of renal diseases is difficult to reconcile with recorded histologic data. Within recent years several groups have favored an alternative explanation (2) (3) (4) (5) . This would attribute the impaired ability to concentrate and dilute the urine in chronic Bright's disease to functional adaptations in the persisting nephrons of the diseased kidney.2 Refractory isosthenuria could, therefore, evolve in the face of normal concentrating and diluting mechanisms in thesurviving nephrons.
Evidence has recently been presented from this. laboratory which indicates that the persistingnephrons in the chronically diseased kidney retain many normal functional characteristics (6) .
The present studies represent an attempt to investigate the functional integrity of the concen2The two adaptations which have been considered are: 1) a continuing osmotic diuresis due to high filtered loads of urea; and/or 2) an increased glomerular filtration rate per functioning nephron. Either of these could account for high rates of urine flow past the concentrating and diluting sites.
516
trating and diluting mechanism in the diseased kidney. An experimental model has been constructed which allows for the study of a diseased kidney in an essentially normal internal environment. Three different forms of renal disease have been induced experimentally in dogs. In each animal, the lesion has been produced in only one kidney and the opposite organ has been maintained intact. The control kidney serves as a standard of comparison for the diseased organ. Moreover, the normal kidney prevents significant abnormalities from occurring in body fluids, regardless of the severity of the contralateral renal lesion. If the development of impaired concentrating and diluting ability in a diseased kidney results from disruption of tubular transport systems, refractory isosthenuria should ultimately occur regardless of either the functional capacity of the opposite kidney, or the environment in which the diseased organ resides. Conversely, if the progressive inability to modify the tonicity of the urine depends upon adaptive changes (i.e., continuing osmotic diuresis) in functionally intact nephrons, the diseased kidney should retain essentially normal concentrating and diluting characteristics in an environment which minimizes any -such adaptations invoked by the uremic state.
METHODS
Sixty experiments were performed on 17 female mongrel dogs. In each animal one of three types of renal disease was induced in a single kidney and the opposite organ was maintained intact. The forms of unilateral renal disease include the following: 1) A chronic disease which is characterized by marked contraction of the involved kidney and histologic abnormalities of the persisting nephrons including dilatation and atrophy of tubules, intratubular casts, interstitial fibrosis, decrease in size of some glomerular tufts and thickening of glomerular basement membranes. This lesion which has been previously described in detail (7) is produced by perfusing the totally anoxic kidney with a solution of an aminonucleoside (6-dimethyl aminopurine 3-amino-D ribose) and diverting the renal venous return to prevent recirculation. 2) Unilateral pyelonephritis produced by exposing one kidney through a flank incision, massaging it manually for five minutes, puncturing the renal parenchyma approximately 150 times with a 22 gauge needle and injecting 1 ml. of a four hour culture of E. coli intravenously. Following the injection of bacteria the ureter is clamped for 20 minutes (8) . Histologically, the diseased kidneys demonstrate changes of both acute -and chronic pyelonephritis. 3) A reversible renal lesion induced by rendering the experimental kidney anoxic for 30 minutes and then perfusing it with a saline solution under moderate pressure. The histologic changes are limited to the tubules and include vacuolated epithelial cells and intratubular casts (7) .
The concentrating capacity of the diseased kidney was studied, employing three different protocols. The maximum urine/plasma osmolal ratio was determined following water withdrawal for at least 14 hours. The maximum value for solute-free water abstracted (Teo) was measured during osmotic diuresis induced by mannitol and with constant vasopressin infusion. Values for T0H2o were also recorded during the infusion of hypertonic saline. The diluting capacity of the diseased kidney was investigated following the intragastric administration of from 40 to 70 ml. per Kg. of water containing 5 ml. of absolute alcohol. Additional alcohol was infused in 0.45 per cent saline during the course of each experiment. The diluting capacity was also studied during isotonic expansion of extracellular fluid volume. In a number of experiments, a moderate amount of water (20 to 30 ml. per Kg.) was administered without alcohol in order to study intermediate ranges of water diuresis.
In each animal a preliminary bladder-splitting procedure was performed in order to construct two permanent hemi-bladders. Each of the latter drains one kidney and allows for evaluation of the separate functions of the individual kidneys. Clearance studies were performed with the animals in the standing position and unanesthetized state. Creatinine and PAH were routinely included in the sustaining infusions. Details of the clearance techniques and analytic procedures have been described in previous communications (7, 9) . In all experiments, the behavior of the diseased kidney was contrasted with the simultaneous pattern of the contralateral intact organ.
RESULTS

Concentrating capacity
During osmotic diuresis and with maximum vasopressin activity, the concentrating mechanism of the normal kidney in the dog abstracts from 5 to 8 ml. of water per 100 ml. of glomerular filtrate. This volume of water reabsorbed in excess of an isosmotic equivalent of solute is referred to as TCH2O. Measurement of TCH2O has been made in 20 experiments on 11 dogs (six with an aminonucleoside-induced lesion and five with pyelonephritis) during mannitol and Pitressin® (vasopressin) infusion. Two representative experiments, one on an animal with an aminonucleoside-induced lesion and the other with pyelonephritis, are shown in Table I . Glomerular filtration rates of the experimental (diseased) kid- * Exp. refers to experimental (diseased) kidney; Cont. refers to control (intact) kidney; V, urine flow; Cosm, osmolal clearance; T'H20, solute-free water abstracted in the concentration process; Posm, plasma osmolality.
neys were significantly decreased both as compared with the original level of function before induction of disease and with the concurrent value of the control (intact) kidney. Values for TCHIO for the experimental kidneys were also appreciably below those for the control kidneys. However, in both dogs, the ratios of solute-free water abstracted per 100 ml. of glomerular filtrate (TCH20/ GFR X 100) were well within the normal range.
Moreover, TCH20/GFR for the experimental kidney closely approximated the values for the intact organ. The slight superiority of values for the intact kidneys has been noted in 17 of the 20 experiments and will be referred to again.
In Table II The maximum urine/plasma osmolal ratios for the diseased and intact kidneys are shown in Table III ron) imposed by a marked decrease ini bilateral nephron population would be minimized. If the conventional theory is substantially correct, the destruction of the sites of concentration and dilution should result in impaired concentrating and diluting ability in the diseased kidney regardless of the presence of an intact kidney, or of the status of body fluids. Conversely, if the isosthenuria results from a continuing osmotic diuresis (due either to high filtered loads of urea, or to an increased GFR/functioning nephron), the diseased kidney in the present experimental model might retain essentially normal concentrating and diluting characteristics. In all animals studied, regardless of the severity of the renal lesion in the experimental kidney, values for the concentrating and diluting capacities (when expressed as ml. of TCH2o or CH2o per 100 ml. of glomerular filtrate) have been within the normal range. These data serve to document the essential integrity of the concentrating and diluting processes in the persisting nephrons of the diseased kidneys.8 The same data suggest that the permanent isosthenuria of chronic Bright's disease may in most instances be explicable on the basis of functional rather than anatomic changes.
One functional change which occurs in the course of chronic progressing bilateral renal disease would appear to be of fundamental importance in the genesis of the restricted range of urine osmolalities. This consists of the fact that an ever-decreasing number of nephrons continue to excrete an essentially constant amount of solute. In order to accomplish this, each nephron must excrete an increasing fraction of its glomerular filtrate. The concentrating and diluting mechanisms of individual nephrons are thus brought to bear on an ever-increasing volume of tubular urine. Because of the rate limitations of these mechanisms, the degree to which the final 3 Recent studies by Baldwin, Berman, Heinemann and Smith (10) on patients with bilateral renal disease are in general agreement with this conclusion. In the majority of subjects, values for TCHo/GFR were within the normal range. In those in whom values were below normal, it is not yet apparent whether this may be attributed to an absolute decrease in Te20o or to an increased GFR per nephron. urine tonicity may be modified must decrease asymptotically towards isosmolality.
The concentrating mechanism would appear to be impaired before the diluting mechanism for several reasons. First, the absolute change from isosmolality (e.g., 300 mOsm. per L.) is considerably greater for a maximally concentrated urine (circa 1,200 mOsm. per L.) than for a maximally dilute urine (circa 50 mOsm. per L.). A 50 per cent reduction in range on either side of isosmolality, due to a twofold increase in tubular flow past the active sites, would seem to represent a much greater defect in concentration than dilution. Second, the amount of water abstracted per unit of glomerular filtrate in the concentrating process is approximately half the amount of freewater engendered in the diluting process (11) . That a third factor may contribute to the loss of the ability to concentrate the urine before the ability to dilute the urine is suggested by certain observations in the present study. Thus, the data, while demonstrating the relative integrity of the concentrating and diluting mechanisms of the diseased organs, have also revealed certain differences between the diseased and intact kidneys of individual animals. These differences are characterized by slightly lower values for TCH2O/GFR for the experimental kidney, and slightly higher values for CH2O/GFR for the experimental kidney.
The urine from the diseased kidney, therefore, always has a greater amount of free-water (either relative or absolute) per unit of filtrate than that of the normal organ. The existence of a similar phenomenon in both kidneys of the patient with bilateral renal disease would contribute further to the masking of the concentrating mechanism before that of the diluting mechanism. Studies are currently in progress to extend these observations.
In Figure 1 , a theoretical formulation is presented of the influence of progressive renal disease on the range of urine osmolalities if the concentrating and diluting capacities of all functioning nephrons remain normal. It is assumed that at each level of glomerular filtration rate 600 mOsm. of solute is excreted per 24 hours. Each nephron is assumed to be capable of removing 5 ml. of water per 100 ml. of glomerular filtrate in the concentrating process (i.e., TCH2o/GFR x 100 = 5), and of engendering 10 ml. of free-water per 
